SYNOPSIS The factors concerned with the virulence of Pseudomonas aeruginosa are relatively labile and can be enhanced by passage. Virulence is further enhanced if the serum transferrin of the host is saturated with iron. These results draw attention to the possible serious consequences of accidental passage in hospitals, and focus attention on the importance of transferrin as a factor in non-specific resistance.
Finkelstein, and Tumbusch, 1961) or receiving immunosuppressive treatment (Mowbray, Cohen, Doak, Kenyon, Owen, Percival, Porter, and Peart, 1965) .
Very little is known about the factors concerned with the virulence of this organism. Klyhn and Gorrill (1967) studied a large number of strains isolated from hospital patients and found that virulence for mice could not be correlated with any characteristic, apart from the fact that the more virulent strains appeared to produce larger colonies than the rest. Carney and Jones (1968) studied culture filtrates from two virulent and one avirulent strain but found little difference in biological properties apart from the speed of digestion of a number of different substrates and the quantity of enzyme produced. However, the avirulent strain did appear to lack one antigen possessed by the virulent strains.
Recent investigators have drawn attention to the ability of various iron compounds to enhance the virulence of Escherichia coli (Bullen, Leigh, and Rogers, 1968) and to abolish passive immunity to Pasteurella septica (Bullen and Rogers, 1969) and Clostridium welchii type A (Rogers, Bullen, and Cushnie, 1970) . It is suggested that the iron-binding Received for publication 20 May 1971. protein transferrin maY play an important role in non-specific resistance and that bacterial iron metabolism is closely involved in pathogenicity.
The work reported here has shown that the virulence of Ps. aeruginosa for mice can be enhanced by passage. In addition it has been found that the injection of iron compounds leads to a further enhancement of virulence. With the more recent passages this enhancement is so great that less than 10 organisms injected with iron produce a fatal infection in mice. that is, 0-1 ml per mouse for group 1, 0 079 ml for group 2, and so on, each dilution being made up to a volume of 01 ml per mouse by diluent. In all the experiments the end point was taken at 48 hours and the results were analysed statistically (Finney, 1952) to give the 95 % fiducial limits.
Materials and Methods

PS
Results
The effect of the passage of Ps. aeruginosa in mice is shown in (Muraschi, Bolles, Moczulski, and Lindsay, 1966) as antigens and a hyperimmune antiserum prepared in a horse against the original (unpassaged) culture showed two lines of identity between all the passages and no apparent extraneous lines.
The enhancing effect of iron on virulence is also shown in Table I and Figure 1 . The effect on the original (unpassaged) strain was comparatively slight, the LD50 falling by a factor of 2 or less. However, the effect on the subsequent passages was very much greater, the LD50 being reduced by a factor of over a 1,000 fold in the case of MP3 and MP4. The combination of passage and treatment with iron thus had a very great effect on virulence and reduced the LD50 of the original strain by a factor of at least 100,000 fold.
Discussion
It appears that the factor or factors involved in the virulence of this strain ofPs. aeruginosa are relatively labile and may be enhanced by continuous bacterial growth within the host tissue and body fluids.
During the past two decades infections caused by Ps. aeruginosa have increased in importance, especially among hospital patients. To quote but one example, Finland (1970) records that the percentage of cases of Ps. aeruginosa infection among cases of neonatal sepsis at the Yale New Haven Hospital was nil among 44 cases in 1933-43 but rose to 21 % in 62 cases in 1944-54, and to 15% in 73 cases in 1955-65. It may be argued that the appearance of this infection was probably related to the use of antibiotic therapy, but it also seems possible that accidental passage of this organism among susceptible patients in hospital might contribute to the emergence of virulent strains. Examples of transfer from patient to patient have been described by Shooter, Walker, Williams, Horgan, Parker, Asheshov, and Bullimore (1966) .
The bacterial characters involved in the virulence of Ps. aeruginosa are largely unknown, but the fact that virulence is enhanced by iron compounds suggests that bacterial iron metabolism may play an important role Detailed discussions on the probable role of bacterial iron metabolism in resistance to infection are published elsewhere (Bullen, Rogers, and Lewin, 1971; Griffiths, 1971) but for the present purpose it may be useful to make the following points. Iron compounds, including ferric ammonium citrate, haemoglobin, andhaematin greatly enhance the virulence of E. coli for young guinea pigs (Bullen et al, 1968) . Similar results were obtained by Bornside, Bouis, and Cohn, (1968) with E. coli and haemoglobin in mice. Fletcher and Goldstein (1970) found that iron sorbital citrate greatly enhanced the growth of E. coli in the kidneys of rats with the production of a high proportion of kidney abscesses. Experiments in vitro have shown that both the bactericidal and bacteriostatic effects of normal rabbit serum on E. coli can be abolished by saturating the serum transferrin with iron (Bullen and Rogers, 1969) . There is also evidence that saturation of the serum transferrin with iron does not interfere with complement fixation (Bullen, Rogers, and Lewin, 1971) , which removes the objection that the effect of iron might be due to anticomplementary action. There is no evidence that iron compounds interfere with phagocytosis (Fletcher and Goldstein, 1970; Burrows, 1962; Bullen, Cushnie, and Rogers, 1967) .
From the point of view of bacterial infections in man the importance of normal levels of transferrin are well illustrated by McFarland, Reddy, Adcock, Adeshina, Cooke, and Akene (1970) who found that children who died following treatment of kwashiorkor all had low levels of serum transferrin compared with those who survived. It is pointed out that oral or intramuscular administration of iron given in treatment could leave an appreciable concentration of free iron in the serum of those with low concentrations of serum transferrin. These authors also mention that children dying of kwashiorkor suffer from acute bacterial infections. This is supported by Hendrickse (1967) who found that children with marasmus or kwashiorkor had a heightened susceptibility to infection and to Ps. aeruginosa in particular.
In conclusion it seems reasonable to suppose that thepossible enhancement ofvirulence ofPs. aeruginosa by passage from patient to patient might increase the seriousness of this infection. The further enhancement of virulence that occurs when serum transferrin is saturated with iron focuses attention on bacterial iron metabolism as a factor in pathogenicity. It also suggests that transferrin, which is normally unsaturated with iron, may play a significant role in resistance to infection.
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